Introduction: Intracavernosal injection (ICI) therapy is widely used for the treatment of erectile dysfunction (ED). Its use in practice is largely empirical and has not been validated with evidence-based approaches. Aim: To compare two strategies for ICI, specifically a risk-based approach and an empiric-based approach, and assess the efficacy, patient satisfaction, and complication rates of the two treatment approaches. ) were obtained at baseline and at 3 and 6 months. Two approaches were compared. Group 1 received empiric ICI treatment initially with prostaglandin E 1 (PGE1) 10 mg irrespective of ED etiology or severity. After initial dosing with PGE1 in the clinic, adjustments were made to titrate or change formulations pending on patient results. Group 2 received a riskbased approach, in which an algorithm that factored in ED etiology and number of ED risk factors was used for a bimix (papaverine 30 mg/mL, phentolamine 1 mg/mL), a low-dose trimix (papaverine 30 mg/mL, phentolamine 1 mg/mL, PGE1 10 mg/mL), or a high-dose trimix (papaverine 30 mg/mL, phentolamine 2 mg/mL, PGE1 40 mg/mL). Dose titration was permitted in the two groups. Statistical analysis was carried out using t-test and c 2 analysis.
INTRODUCTION
Erectile dysfunction (ED) affects roughly 20 million men in the United States and is predicted to affect more than 300 million men worldwide by 2025. 1, 2 Various forms of therapy have been developed to treat ED, including oral pharmacotherapy, 3, 4 transurethral suppositories, vacuum constriction devices, intracavernosal injection (ICI) therapy, and implantation of an inflatable penile prosthesis. 5, 6 Traditional first-line treatment for ED includes oral phosphodiesterase type 5 inhibitors (PDE5-Is). 4e6 Although these agents have a proved track record for enhancing erectile function, many patients will have failed treatment or will discontinue treatment, often requiring a second-line option. 3,6e8 In addition, patients with ED and diabetes or after radical prostatectomy are considered hard to treat and might be true non-responders to PDE5-I therapy.
ICI therapy is a widely used second-line treatment for ED, although using it in practice is largely empirical and has not been validated with evidence-based approaches. Although there is a variety of literature on the efficacy and long-term outcomes of patients using ICI therapy, a standard approach to medication selection and dosing has never been investigated. 9 In addition, data on patient satisfaction with this treatment are lacking. Patients with failed first-line therapies often have various risk factors contributing to the development of ED, such as medical comorbidities (diabetes, peripheral vascular disease, hypertension, dyslipidemia, or cardiovascular disease), lifestyle factors such as smoking, a history of pelvic surgery for the prostate, bladder, or colon or rectum, and radiation therapy for pelvic malignancies.
10e13 It is unclear whether accounting for such risk factors would help with the initial agent choice and dose selection when using ICI therapy and whether a risk-based approach would help define maximal efficacy and patient satisfaction.
The purpose of this study was to compare two strategies for ICI therapy to determine whether a risk-based approach differs in efficacy, satisfaction, or complication rate compared with an empiric approach.
METHODS
After obtaining approval from the institutional review board, a prospective database of patients enrolled in the ICI program at the Johns Hopkins Hospital (Baltimore, MD, USA) from May 2012 through May 2014 was amassed. Baseline demographic information (Table 1), comorbidities (Table 2) , treatment outcomes, and subjective patient self-evaluations of sexual function using the International Index of Erectile Function erectile function domain (IIEF-EF), Quality of Erection Questionnaire (QEQ), Sexual Quality of Life (SQoL), and Erectile Dysfunction Inventory of Treatment Satisfaction (EDITS) were obtained at baseline and 3 and 6 months after initiation of ICI therapy.
In brief, these surveys assess the following aspects of patient satisfaction and sexual function. The IIEF survey is a 15-item questionnaire designed to assess for ED. It is broken down into domains to include erectile function, orgasmic function, sexual desire and intercourse, and overall satisfaction.
14 The QEQ is a six-item patient-report measurement that solely evaluates the satisfaction of men with the quality of their erection. 15 The SQoL domain from the Sexual Life Quality Questionnaire consists of 10 questions comparing patients' current sexual Bernie et al experience with their experience before the onset of ED. 16 The EDITS is an 11-item survey that assesses patient satisfaction with treatment for ED. 17 Using these validated surveys, two approaches were compared. Group 1 consisted of an empiric ICI treatment used by one sexual medicine provider (A.B.). Patients were treated with prostaglandin E 1 (PGE1) 10 mg irrespective of ED etiology or severity and only if poor response was noted at test injection and then initiated on a bimix (papaverine 30 mg/mL and phentolamine 1 mg/mL, usual starting dose ¼ 0.1e0.2 mL) or a lowdose trimix (papaverine 30 mg/mL, phentolamine 1 mg/mL, and PGE1 10 mg/mL, usual starting dose ¼ 0.1e0.2 mL). Group 2 consisted of a risk-based approach used by another sexual medicine provider (T.J.B.), in which patients were treated with a bimix (papaverine 30 mg/mL and phentolamine 1 mg/ mL), a low-dose trimix (papaverine 30 mg/mL, phentolamine 1 mg/mL, and PGE1 10 mg/mL), or a high-dose trimix (papaverine 30 mg/mL, phentolamine 2 mg/mL, and PGE1 40 mg/mL) using an algorithm that factored in ED etiology (vasculogenic vs neurogenic) and presence of ED risk factors (Figure 1 ). The presence of at least three risk factors was used as the cutoff for "difficult-to-manage ED," which designated patients for highdose trimix. Dose titration to 1 mL was permitted in the two groups. All patients in this study had failed PDE5-I therapy initially and thus were started on ICI therapy. No patients took combined therapy during the study.
Patients were counseled about the side effects and adverse events of using ICI therapy, including prolonged and/or painful erections, and instructed to seek medical attention if an erection lasted longer than 4 hours. During initial ICI treatment in the office, patients with a painful erection 2 hours after injection received phenylephrine in the office. After the initial office ICI therapy, priapic episodes were self-reported by the patient.
The study design was powered for a non-inferiority comparison of the two approaches, in which the primary end point was a 15-point difference on the EDITS score or a 20% difference in the IIEF-EF score. Statistical analysis was carried out using paired t-tests to assess for differences between survey scores on the QEQ, SQOL, IIEF, and EDITS at individual time points. The c 2 analysis was used to compare differences between rates of complications.
RESULTS
One hundred seventy-five patients were enrolled (57 in group 1 with the empiric approach, 118 in group 2 with the risk-based approach) with 3-and 6-month follow-up at 57% and 35%, respectively. Baseline patient characteristics (Table 2 ) and sexual function questionnaire responses (Tables 3e6) were similar between groups 1 and 2, although group 1 reported higher-quality erections at baseline (QEQ score ¼ 14.3 vs 7.3, P ¼ .05) and had a smaller proportion of patients with prostatectomy (55.3% vs 73.3%, P ¼ .037).
In the two groups, QEQ score (mean ¼ 10.78 vs 56.76, P < .05), SQoL score (mean ¼ 38.41 vs 50.25, P < .05), and IIEF-EF score (mean ¼ 7.51 vs 18.48, P < .05) improved with treatment from baseline to 6 months. When comparing groups, there was no statistically significant difference in responses for the empiric group or the risk-based group at 3 months for QEQ score (49.7% vs 61.1%, P ¼ .253), IIEF-EF score (18.2% vs 18.5%, P ¼ .92), SQoL score (45.9% vs 53.8%, P ¼ .28), and EDITS score (62.5% vs 66.2%, P ¼ .57). At the 6-month mark, there was no statistically significant difference in responses between groups for QEQ score (59% vs 54.9%, P ¼ .76), IIEF-EF score (18.1% vs 19.2%, P ¼ .73), SQoL score (44.3% vs 57.4%, P ¼ .2), or EDITS score (65.2% vs 63.4%, P ¼ .83; Tables 3e6). Three-month failure rates, defined as patientreported failure and discontinuation of ICI therapy, were similar, with 40% reporting failure of treatment and 20% then switching to another ICI medication. There also was no difference noted in failure or medication switch rates between the two approaches. There were no significant differences in complication rates between the two treatment approaches. At 3 months, group 2 reported a non-statistically significant higher incidence of priapism and pain than group 1 (23% vs 7.4%, P ¼ .08).
DISCUSSION
ICI therapy is an effective treatment alternative for men with ED. It is well tolerated in most patients, with high patient satisfaction rates. 9, 18, 19 In our study, ICI therapy improved erectile function as measured by multiple validated questionnaires assessing different aspects of sexual function (IIEF, QEQ, and SQoL). Patient satisfaction with treatment was no different between the empiric and the risk-based approaches. The EDITS, specifically designed to assess patient satisfaction with treatment received, noted no difference at 3 or 6 months for either approach. Even subgroup analysis looking exclusively at the postprostatectomy population showed no significant differences between approaches, but numbers were small and underpowered. This is in concordance with other studies that compared different ICI therapies and found no difference in patient satisfaction between different therapeutic groups. 19 These results suggest that successful erectile response likely translates to patient satisfaction irrespective of initial ICI therapy used. Furthermore, although we might expect that risk-based selection of an initial ICI agent would lead to higher satisfaction rates through a fast and early response, our data suggest that empirically selecting an agent irrespective of ED etiology produces similar satisfaction rates and erectile responses.
This study also highlights the patient's perspective on ICI therapy. Similar satisfaction rates were noted in the two arms, and the use of validated questionnaires helped quantify the magnitude of the improvement in erectile function, sexual quality of life, and satisfaction rates. It demonstrated noninferiority of one approach over another, suggesting that simple regimens might be equally efficacious from a patient's perspective.
ICI therapy is well known to induce side effects, in particular hematoma, priapism, and penile pain. A multicenter study evaluating a bimix in 157 men demonstrated an efficacy rate of 94% with a side effect incidence of 0.9% to 2.6% for priapism, pain, or hematoma. 20 Another study comparing trimix with PGE1 found that Trimix produced a longer-lasting erection than PGE1 but increased the risk of priapism. 19 Although not statistically significant, our study also showed an increased incidence of priapism in the risk-based treatment group at 3-month follow-up. This was not evident at the 6-month follow-up. Because the increased incidence of priapism occurred only at the 3-month timeframe in the group using the higher dose titration, this could represent a learning curve with dose escalation and indicate how further education at initial start-up might decrease the occurrence of priapism. In addition, providing further in-office education and follow-up during a patient's first three to six injections at home, to monitor their response, and to help with dose-appropriate titrations might decrease the incidence of priapism during the initial 3-month interval.
An obvious limitation to our study is that priapic episodes were self-reported and we do not have information on the duration of prolonged erection, although patients were instructed to seek medical attention if an erection lasted longer than 4 hours. All self-reported events required intervention to decrease the priapism. Another limitation is that we did not assess testosterone levels in this cohort, unless they specifically had signs and symptoms of low testosterone. This information might have been useful for the study.
Despite the efficacy and patient satisfaction seen with ICI therapy, cost and convenience could be limiting factors for many. ICI therapy can be costly, with most insurance companies not covering bimix or trimix, and typically requiring preparation in specialty compounding pharmacies. PGE1 is the only intracavernosal pharmacotherapy approved by the Food and Drug Administration.
21 Although PGE1 might be covered, the common commercial formulas are not easily titrated and this can become cumbersome to many patients. In a survey of 301 physicians on practice patterns and opinions regarding post-prostatectomy ED and penile rehabilitation, although the vast majority (75%) used ICI as part of their rehabilitation regimen, for those who did not, 50% reported cost as being the primary reason. 22 This study has several strengths. It represents the first study to our knowledge that prospectively evaluated two different treatment approaches for ICI therapy in men with failed first-line treatment for ED. In addition, validated patient-report questionnaires were used to assess treatment outcome and patient satisfaction. Although objective evaluation of erectile responses by clinicians might have been of interest, subjective patient outcomes were deemed more important and relevant to capture. This study has several limitations. The sample size, although comparable to other published studies, was relatively small and might have been underpowered to detect subtle differences in outcomes between groups. A high patient dropout rate also was noted. There are several possible explanations for this, including successful therapy, which might make follow-up superfluous for the patient. Measures were taken to limit dropout, including calling patients who did not show up for follow-up visits and allowing for returning the questionnaires by email. Another reason for dropout might be treatment dissatisfaction and failure, which could result in patient frustration and possibly abandoning therapy for ED altogether, which has been reported previously. 23 Furthermore, if patients are no longer engaging in sexual relations, then this could relate to partner issues, which were not accounted for in this study. The dropout rates seen in this study appear to correlate with those reported in other studies examining patients undergoing ICI therapy 9, 18, 19, 22 and have been reported as high as 80%. 24 The purpose of this study was not to define the optimal strategy for ICI but to identify treatment regimens that are successful for the patient and the clinician and are easily reproducible. This is especially important because most ICI therapy clinics are often run by mid-level providers who will need guidance and a rationale therapy algorithm. The other aim was to assess whether, of the two approaches used at the Johns Hopkins Hospital, one was more successful than the other in optimizing outcomes and limiting complications. Given the similar efficacy and patient satisfaction rates of the two approaches, this article serves as a guide whereby the final decision can safely and effectively be made at the discretion of the practitioner. With the paucity of literature available on ICI therapy and lack of a standardized approach to administration, this article serves as a guide for sexual medicine specialists and physicians starting an ICI program. More research is necessary to compare other injection combinations and treatment strategies to further delineate the optimal approach to ICI therapy.
